We present a simple definition of observable optical depth τ oble which depends on the detection efficiency as a function of the MACHO mass µ and on the lensing objects Mass Function (MF). The halo mass fraction f is then correctly evaluated as τ obsd /τ oble , being τ obsd the directly observed optical depth. We assume, then, a homogenous power -law MF for the dark halo and estimate the exponent α using the inverse problem method and the hypothesis f = 1. The result we get is α = 1.11. Next, we test this value calculating some microlensing quantities towards LMC and comparing our MF to the other ones cited in literature. In both cases we find a good agreement. As a further test, we repeat the same kind of work for different values of the lower mass limit µ l and f , obtaining a series of values for α which we test in the same way as before. The only surviving model is the one with µ l = 10 −3 , f = 1 and α = 1.11. Then, we conclude that this model of full MACHO halo with a homogenous power -law MF may reconcile data and theory, but the nature of MACHOs remains still unclear. 0 e-mail addresses:
Introduction
The usefulness of gravitational microlensing as a tool to investigate the structure of the galactic dark halo is now firmly established. Since Paczynski's seminal paper (1986) , several collaborations have searched for microlensing events towards LMC (Alcock et al., 1997a) , (Renault et al., 1997) , SMC (Alcock et al., 1997c) , (Afonso et al., 1999) , and M31 (Ansari et al., 1997) . Whilst the presence of MACHOs (Massive Astrophysical Compact Halo Objects) has been witnessed by the 8 microlensing events found, many questions about their nature and the structure of the dark halo are still open.
One of the principal quantities that characterise the microlensing properties of a particular MACHO population is the optical depth τ . This quantity is simply the number of lenses inside the microlensing tube, a cylinder whose axis is the line of sight to the source and with radius equal to the Einstein radius, defined as (Mollerach & Roulet, 1997) :
being m the mass of the lens 1 and D s (D d ) the distance to the source (the lens). In its simplest form, τ is defined as (Paczynski, 1986) , (Mollerach & Roulet, 1997) , (Jetzer, 1998) : 
having posed s = D d /D s and supposed (as usually) that halo extends till the source 2 , while ρ(s) is the MACHOs mass density. Optical depth is obtained from observations using the formula (Alcock et al., 1997b) :
being N ⋆ the number of monitored source stars, t obs the duration of observations, t e = R e /v ⊥ the Einstein time (with v ⊥ the MACHO's velocity transverse to the line of sight), and ε(t e,i ) the detection efficiency for the i -th event and the sum is over the observed events.
Having estimated τ meas from observations with Eqn.(2) and calculated the predicted optical depth for an assumed model of full MACHO halo from Eqn.(1), an easy way to evaluate the halo mass fraction composed by MACHOs is to compute the ratio between these two quantities to get f = τ meas /τ . However, Alcock et al. (1997a) have pointed out that Eqn. (2) is not a measure of the total optical depth, but only of the optical depth of events which fall between the range of timescales for which ε(t e ) > 0. Following this remark, Kerins (1998) has introduced the concept of observable optical depth defining it as 3 :
where dΓ/dt e is the differential rate for the assumed halo model, being the rate Γ the number of events for unit time (Mollerach & Roulet, 1997) , (Jetzer, 1998) , and the integral is over the range of t e for which ε(t e ) > 0. Then, the halo mass fraction f is more correctly estimated as τ obsd /τ oble,Ker , being τ obsd the directly observed optical depth, i. e. (Kerins, 1998) :
Using these quantities, Kerins has showed that the comparison between observed and obervable optical depth may give only a lower limit on f , while no upper limit may be obtained without a knowledge of the full distribution function of the halo model and of the MACHO's mass function (hereinafter MF), i.e. the number density of MACHOs with mass in the range (µ, µ+dµ) (µ = m/M ⊙ ). In this paper, we introduce a different definition of observable optical depth, weighting the usually defined optical depth with the detection efficiency as function of the MACHO mass µ. It turns out to depend also on the MF of the lensing objects, which is still unknown. Several studies have been made by many authors to determine this quantity by microlensing data, but they are essentially devoted to the MF of bulge lenses (Zhao et al., 1995) , (Han & Gould, 1996) and have reached no conclusive results. Mao & Paczynski (1996) considered simplified toy models and a power -law MF and estimated that a reliable determination could be achieved only if we had 100 or more events. Their results, obtained under the assumption that MA-CHO's spatial distribution and kinematics were known, have been confirmed by Markovic & Sommer -Larsen (1997) that have also studied the effect of changing halo model on the estimated average mass of lensing objects. All these studies are based on statistical methods, that is why they need a large number of events to reduce the error on parameters' determination. These methods may not be applied to the microlensing data towards LMC to determine halo lens MF since the number of events is too small (only 6 events from MACHO group and 2 from EROS collaboration). However, since our observable optical depth depends on the MF, it comes out that it is possible to use the simple technique of the inverse problem (Cardone et al., 1998) to get useful informations on the MF of lensing objects through a simple comparison between the observed and observable optical depth.
In Section 2 we give our definition of observable optical depth and calculate how it is related to the usually defined optical depth (1) and to the MF, assuming an homogenous power -law expression for this latter. Section 3 shows how one may evaluate the detection efficiency as function of µ once one knows the experimental efficiency function ε(t e ). The inverse problem is illustrated and applied in Section 4 where we simply get an estimate for the exponent of the power -law MF. Section 5 is devoted to test our result calculating some microlensing quantities to compare with observed ones and through a comparison with previously determined halo MF. The same analysis done in Sections 4 and 5 is repeated in Section 6 changing the lower limit on the MACHO mass µ l and the fraction f of dark halo made by MACHOs. Finally, in Section 7, we summarize our results and propose some further improvements and applications.
Observable optical depth
Our definition of observable optical depth comes out simply from the definitions of the MF ν µ (s, µ) and of τ . Since the MF is the number density of MACHOs with mass in the range (µ, µ + dµ), the mass density is :
where µ l and µ u are the lower and upper limits of the mass range. Inserting Eqn. (5) in the definition (1) of optical depth one simply gets :
from which one may immediately define a differential optical depth :
This is the contribution to the total optical depth from MACHOs with mass in the range (µ, µ + dµ). Till now, nothing is new : Eqns. (1) and (6) are perfectly equivalent. But from Eqn. (6) we may define an observable optical depth simply as :
which may be seen as a sum of the contribution to the total optical depth of the different mass ranges, each one weigthed by the detection efficiency for that range. Unfortunately, observations do not give ε 0 (µ) directly, but as function of the Einstein time t e . However, one may evaluate ε 0 (µ) from ε(t e ) with some work, which is the subject of Section 3.
To evaluate τ oble we need also the MF of halo lenses, which is still unknown, as we have yet said in the introduction. A first step in the direction of the knowledge of ν µ (s, µ) is the factorisation hypothesis. If MACHO's formation conditions were the same in different places of the galactic halo (as it is likely), then the ratio between the number of MACHOs of different masses comes out to be the same in different positions. In formulas, this leads to :
where it is convenient to choose s 0 equal to R 0 , the distance of the Sun to the galactic centre. Then, the MF may be rewritten as :
being ρ ⊙ = 0.008 M ⊙ /pc −3 the local density of dark matter and dn 0 /dµ the MACHOs MF in the solar neighbourhood. Unfortunately, even this latter function is unknown. However, one may think that MACHOs MF is similar to the one of the stellar matter, which may be simply estimated from the luminosity function. If φ(M V ) is the LF, i.e. the number density of stars with absolute visual magnitude in the range (M V , M V + dM V ), then the MF is :
Being φ(M V ) measurable (see, e.g., (Bahcall et al., 1994) , (Kroupa, 1995) , (Gould et al., 1998) ) and dM V /dµ predicted (with some uncertainties) from the stellar models (Kroupa et al., 1990 ) (Kroupa & Tout, 1997) or measured experimentally (Henry & McCarthy, 1993) , then it is possible to obtain the MF of visible matter (see for a brief review). These methods are obviously not applicable to MACHOs, since the same concept of LF is a nonsense for dark objects. Some different methods, statistical in nature, have been developed to extract informations from microlensing data on the MF of dark and visible matter , but are limited to the bulge and the disk (Zhao et al., 1995) , (Zhao et al., 1996) , (Han & Gould, 1996) . However, all these studies show that the stellar MF is a power -law till the edge of detectability, even if there is still an open debate on the MF final tail. The exponent of the power -law usually changes with the mass range, but it is independent on the position within the examined (bulge, disk and spheroid) component of the Galaxy. That is why it is reasonable to choose the following expression for the local MACHOs MF :
being C(α) a normalization constant fixed such as :
this gives :
Collecting together Eqns. (10), (11), (13) (for α = 2) and inserting them in the definition (8) of τ oble , one simply obtains :
A comparison between Eqns. (1) and (14) gives a useful relation between τ oble and τ :
where the subscript mod indicates that τ depends on the assumed halo model and we have posed :
Eqn. (15) shows that we need just two ingredients to evaluate τ oble = τ oble (α) : the mass density of the dark halo ρ(s) and the detection efficiency ε 0 (µ). This latter will be estimated in the next section together with the term I µ (α), while here we quickly calculate the term τ mod . To do this we have to choose the dark halo model. Unfortunately, this is still unknown since the halo itself shape is poorly constrained (Rix, 1996) . Even if there are some evidences that suggest departures from the spherical simmetry, we choose to adopt the standard halo model (Paczynski, 1986) , (Griest, 1991) , i.e. a cored isothermal sphere :
We are lead to this choice since the standard model has the advantage that its distribution function, i.e. the number density of stars in the configuration space, is well known (Binney & Tremaine, 1987) which will turn out to be usefull in the next section. Indeed, microlensing studies have suggested that the standard model is not able to reconcile predicted and measured optical depth, leading to the conclusion that the dark halo is not entirely composed by MACHOs. However, this conclusion is based on the wrong comparison between τ as defined in (1) and τ meas given in (2), whilst, as yet said in the introduction, Kerins (1998) has shown that correct estimates of f may differ from the usual one till the 25% and they are however only lower limits. Besides, people usually take a delta function as MF for the halo, so it is worthy to try to estimate the halo mass fraction f as τ obsd /τ oble using a power -law MF. That is why we continue on adopting the standard spherical model to try to reconcile data and theory. In (17), there are two parameters that have to be fixed : R 0 and the core radius R c . While R 0 is well constrained around 8 kpc (Reid, 1989) , the core radius is not: estimates of R c range from 2 kpc (Bahcall et al., 1983) to 10 kpc (Caldwell & Ostriker, 1981) , but higher values are also allowed if the Galaxy has a maximal disk (Sackett, 1997) . We choose a median value R c = 5.6 kpc as in (Jetzer, 1998) . Being the model spherical, it is easy to express the galactocentric distance r as function of s as :
being γ (= 82 • for LMC) the angle of the line of sight with the direction to the galactic centre. The theoretical optical depth for the standard model turns out to be :
where the integral may be analitically calculated (Gradshtein & Ryzhik, 1980) . Next, we have to calculate the term I µ (α) in Eqn. (16); since we need first the detection efficiency ε 0 (µ), we postpone this to the end of the following section.
3 Detection efficiency as function of the MACHO mass µ
Detection efficiency is usually considered as function of the Einstein time t e and has been evaluated by the MACHO group itself. They have generated simulated microlensing light curves and used a Montecarlo simulation taking into account actual spaces and error bars of observations, any variations in sampling frequencies and so on, to estimate how their analysis is able to detect microlensing events. Following this procedure, they evaluated what they call sampling efficiency. Adding to the simulation the stellar blending and the features of the photometry code, they finally estimated the photometric efficiency, which is what we refer to as detection efficiency. Unfortunately, ε(t e ) has not a simple analytical form, that is why we have decided to approximate it with a simpler function obtained interpolating points taken on Fig. 8 of Alcock et al. (1997a) . The result we get is :
ε(t e ) = 0.022exp(−0.002t 
In Eqn. (20) dN ⋆ ev (µ) is the differential number of events evaluated in the case of a delta MF centered onμ. This turns out to be (De Rujula et al., 1991) , (Jetzer, 1998) :
being N ⋆ = 8 × 10 6 the number of monitored resolved stars and t obs = 2.1 years is the duration time of the period of observations, whilst dΓ ⋆ (µ) is given as (De Rujula et al., 1991) , (Griest, 1991) , (Jetzer, 1998) :
where u th = 0.66 is the threshold impact parameter for the MACHO collaboration and we have posed :
is the MACHOs distribution of transverse velocity for the assumed halo model, which may be easily calculated integrating the distribution function. This leads to (Binney & Tremaine, 1987) :
where v H = 210 km/s is the velocity dispersion in the halo. It is worthy to note that, since we have adopted a spherical model with a known distribution function, it has been possible to evaluate f (v ⊥ ) exactly. This leads to a dynamical self -consistent model, whilst f (v ⊥ ) is often assumed independently from the distribution function of the model since this latter is not easy to treat or is not known at all for more complex non spherical model.
Inserting Eqns. (17) and (23) limits on s and v ⊥ . It is easy to understand that the integration over s is between 0 and 1, while the range of integration over v ⊥ should be (0, v esc ), being this latter the escape velocity from the halo. We do not make a significant error pushing the upper limit on v ⊥ to ∞. Expressing t e as function of the variables µ, v ⊥ , s, however, the integrals involved in Eqn.(20) come out to be non analitycal, that is why we have to use numerical techniques. The final result is :
In Fig. 1 we have plotted ε 0 (µ) together with other two functions we will define and use in Section 5. Now we have all what we need to evaluate the term I µ (α) defined in Eqn.(16). However, we have to choose the integration limits, and this is a subtle question. The upper limit µ u is fixed at 1 since we are interested in determining the MF of halo lenses, in particular of dark MACHOs. Even if baryonic objects heavier than 0.08M ⊙ may be hydrogen burning stars (if MACHOs are baryonic), the MF of stars with mass in the range (0.08, 1)M ⊙ is not well established in the halo since they are too faint and too far from us. However, we further discuss this point in Section 5. Fixing the lower limit µ l is not an easy task too. De Rujula et al. (1991) has shown that MACHOs could be as light as 10 −7 M ⊙ , but it is unlikely that objects with mass ∼ 10 −7 M ⊙ really exist. Actually, MACHO and EROS search for short duration events pose strong constraints on their contribution to the halo mass budget (Alcock et al., 1996) , (Renault et al., 1998) , (Alcock et al., 1998) . Following these works, we have chosen µ l = 10 −3 . In doing this choices, we are implicitly assuming that the MF is the same in the mass range (10 −3 , 1)M ⊙ , i.e. that the exponent α does not change in this broad range. This hypothesis may be questionable, but, actually, the halo MF exponent is not well constrained (as we will see in Section 5), that is why it could also be constant throughout the mass range we explore. The integral in Eqn.(16) may now be evaluated, even if we need numerical techniques again; the result is :
In Section 6, we do the same analysis we do in the next two sections, trying some different values for the lower mass limit µ l .
The inverse problem method to estimate α
We are now ready to evaluate the observable optical depth τ oble as function of the exponent α of the MF for the halo lenses with mass in the range (10 −3 , 1)M ⊙ . We have only to insert Eqns. (18) and (25) in Eqn. (15) and all the work is done. The result is plotted in Fig. 2 . It is important to stress that Eqn. (15) is not valid for α = 2 since it comes out to be an unphysical divergence. For α = 2, the correct value of τ oble is obtained by inserting the second expression for C(α) in Eqn. (13), whilst the term I µ (α) is the same as for α = 2. Having plotted τ oble = τ oble (α), we may now apply the inverse problem method (Cardone et al., 1998) We have fixed µ l = 10 −3 . Top, it is shown the plot for 0 ≤ α ≤ 1.95; bottom, it is shown for 2.05 ≤ α ≤ 3.05, since the function plotted is not defined for α = 2. f = τ obsd /τ oble which immediately leads to :
If we suppose that f = 1, i.e. that the dark halo is fully composed by MACHOs, then we may estimate α simply requiring that τ oble (α) is equal to τ obsd . Interpolating the plot in Fig. 2 at τ oble = τ obsd = 5.7 × 10 −8 (Kerins, 1998) , one gets :
Before discussing this result, which is the argument of the next Section, we want to spend some words about our hypothesis f = 1. We are lead to this ansatz by a sort of conservatorism, since we are not satisfied by exotic theories on the nature of the galactic dark mattter. Even if there are some exotic candidates for MACHOs, baryons are the only hypothesis in which no new physics is involved. Actually, the nucleosynthesis calculations predicts a number of baryons which is far superior to what is measured taking in account the luminous matter only. It has been calculated that the agreement between these two values may be reached if galaxies' dark halos are fully made of compact baryonic objects, just like MACHOs. That is why in this paper we have assumed that f is equal to 1. We would like to stress, however, that the same analysis may be repeated also for other values of f obtaining different values of α. We come back later on this problem in Section 6.
Testing our result on α
The result obtained on α in Eqn. (26) 
Microlensing tests
The first question we want to answer in this section is: how many events one should observe towards LMC if the MF were what we have found, i.e. a homogenous power -law MF with α = 1.11 ? The observable number of events, given the halo model, the MF and the efficiency ε 0 (µ) is simply given as (De Rujula et al., 1991) , (Jetzer, 1998) :
where dN ev is a simple generalization of dN ⋆ ev defined in Eqn. (21) :
Inserting Eqns. (11), (13) (with α = 1.11), (17) and (23) in Eqn. (28) and then the result together with Eqn. (24) in Eqn. (27), we get (after some numerical integrations) : N oble ev ≃ 7 , which is only one event more than what is observed towards LMC by the MACHO group first two years analysis 4 .
As a further test, we have calculated the mean time duration using the mass moment method described in detail in De Rujula et al. (1991) . Using their technique, the mean duration is :
where, following De Rujula et al. (1991) (see also (Jetzer, 1998) ), we have defined :
with m = (n + 1)/2 andt = (v H /r e )× t, whilst γ(m) is a quantity depending on the mass density and the transverse velocity distribution (De Rujula et al., 1991) , (Jetzer, 1998) . In Fig. 1 , we have plotted ε n (µ) for n = −1, 0, 1. With this model for the halo, using for this latter the power -law MF with α = 1.11, we get :
which is close to the 33.5 d calculated from the observations for the 6 events found towards LMC by MACHO (Alcock et al., 1997a) , (Jetzer, 1998) . Finally, we have calculated the MACHOs mean mass; this is simply :
subtituting our homogenous power -law MF, this reduces to :
which, for α = 1.11, gives m = 0.11 M ⊙ . However, this is not the mass we should compare to the one determined by observations since Eqn.(32) does not take in account the efficiency function. So, it is more correct to use once again the mass moment method. The efficiency weighted mean mass (in solar units) is given as (De Rujula et al., 1991) , (Jetzer, 1998) :
This equation may be used in two ways. On one hand, since we know the MF, we may directly evaluate the left hand side; we call this valueμ theor M M . On the other hand, we may calculate the γ terms in the right hand side and estimatet n as Σ it n i , being these latter quantities available from the data; we call thisμ obsd M M . If the MF has been correctly estimated, then one should findμ theor M M =μ obsd M M . Our calculations show that :
All these studies seem to suggest that our MF is in good agreement with microlensing results towards LMC, which is an encouraging result.
Comparison with previously determined MFs
It is extremely difficult to compare our power -law MF with α given in Eqn.(26) with other results since there are almost no conclusive studies about the MF of the dark halo (Merá et al., 1998) .
The observations of the bottom of the stellar main sequence, m ≃ 0.1M ⊙ at a distance of 20 kpc, about the limit of the spheroid (which is the so called stellar halo, not to be confused with the dark halo we are interested to), requires surveys to an apparent visual magnitude I ≥ 28 and also an excellent angular resolution (≤ 0.1 arcsec) to distinguish stars from galaxies. That is why early attempts using ground -based observations were never brought to a conclusive end. The recent Hubble Deep Field star counts (Flynn et al., 1996) , (Mendez et al., 1996) up to I = 28 are insufficient to determine a halo LF, because of the limited field of view and so no MF has been obtained by the data taken with HST. This is why one must rely on the nearby halo LF, based on geometric parallax determinations of high velocity faint stars in the solar neighbourhood, to try to extract a MF. Chabrier & Méra (1997) have converted the LF of Dahn et al. (1995) in a MF and have found out that it is consistent with a power -law MF with α ≃ 2 down to 0.12 M ⊙ and α ≃ 1.6 down to ≃ 0.09 M ⊙ . Similar results have been obtained by Richer & Fahlman (1996) that have found α ≃ 1.7. Collecting together these results and those about the spheroid MF, they estimate that the halo MF is a power -law with α = 1.7 ± 0.2 (Chabrier & Méra, 1997) . Our result is not consistent with this one, but however it is worthy to note that, in the same paper, the authors argue that the MF determined from the LF of Dahn et al. predicts a larger number of low -mass stars in the Hubble Deep Field than it is actually observed. That is why the discrepancy between our result and the one of Chabrier & Méra is not a great problem.
Another important indication on the halo MF comes from the LFs of the globular clusters. The MFs of different clusters observed with the HST have been determined recently by Chabrier & Méra (1997) . The typical LFs are consistent with a monotonically rising 5 MF down to ≃ 0.1 M ⊙ , with a very weak dependence on metallicity, well described by power -law functions with α ≃ 0.5 − 1.5. Our value (α = 1.11) is contained in this range, even if it is worthy to note that this latter is very broad.
We have also compared our result to the MF determined by Gould et al. (1998) for the spheroid stars using HST. They have found that a power -law MF with α = 0.75 ± 0.32 fits the data best. Our result is a little bit not consistent, the difference being 1.125σ HST . However, we stress that their result is limited to the mass range (0.09, 0.71) M ⊙ and they have also used a flattened model with a density decreasing as ≃ 1/r 3 . Besides, one must also consider that dark halo and spheroid have not the same metallicity, which may lead to different MFs.
It should be now clear that the only thing we may conclude from the studies previously described is that it is quite certain the the dark halo MF is a power -law, but the exponent α is not yet well constrained. That is why our estimate α = 1.11 may not be definetively accepted or excluded by comparisons with the previous studies we have considered in this subsection.
Trying different values of µ l and f
The result α = 1.11 has been obtained imposing f = 1, i.e. that the dark halo is totally composed of MACHOs. However, this last hypothesis is not yet demonstrated that is why we have to take in consideration also other val- Even if MACHO and EROS microlensing surveys excluded a significative contribution to the halo mass budget and to the optical depth from lenses with mass lower than 10 −3 M ⊙ , we don't know what is the real lower mass limit since it may be even greater than µ l = 10 −3 we have chosen in Section 3. Changing µ l does not change both the ε n (µ) (n = −1, 0, 1) functions, but leads to different expressions for the term I µ (α) since in Eqn. (16) we have a different lower integration limit. That is why one must insert the appropriate I µ (α) in Eqn. (15) and then one may estimate α with the inverse problem method imposing τ oble (α) = τ obsd /f . To further test our result on α we have decided to try different values for f and µ l , choosing f = 0.25, 0.50, 0.75, 1 and µ l = 10 −3 , 10 −2 , 5 × 10 −2 , 0.1. The results we get are summarised in Table 1 . Since, as we have seen in the Section 5.2, previous estimates of α are never greater than 1.5 or lower than 0.5, we have decided to exclude the values of α not belonging to the range (0.0, 3.0) to be conservative. In the same Table 1 , we also report the number of observable events, evaluated as described in Section 5.1. As may be seen from Table 1 , there are only three models (second, third and sixth rows of Table 1 ) which predict a number of observable events close to the observed one, i.e. 6.
How do we choose among these? We have then calculated the mean duration time for each of the three models compatible with the observed number of events using the mass moment method, as in Section 5.1. We have found < T >= 35.8 d, 5.6 d, 159.4 d for α = 1.11, 0.26, 2.26 respectively. These values must be compared with the observed mean duration time for the halo events as measured by the MACHO collaboration (Alcock et al., 1997a) , which is 33.5 d. The power -law MF with α = 0.26 predicts a too short mean duration, whilst the one with α = 2.26 gives a mean duration which is too long. So, we conclude that the only one model compatible with microlensing tests and previous studies on the MF is the one with µ l = 10 −3 , f = 1, α = 1.11.
Conclusions
We have defined a new and simple concept of observable optical depth τ oble as a sum of the contribution to the total optical depth by MACHOs in the mass range (µ, µ + dµ), each one weighted by the detection efficiency ε 0 (µ) for that range. It turns out that τ oble depends on the lens MF, in particular on the exponent α of the homogenous power -law MF assumed in our model. Adopting, then, a standard halo model and using the inverse problem method, we have estimated that α is equal to 1.11 in the hypothesis f = 1 → τ oble = τ obsd , i.e. that MACHOs are the only components of the galactic dark halo. The result obtained on α has been tested in two ways. First, we have calculated some microlensing quantities towards LMC and found out that they are in good agreement with MACHO first two years of observations. Next, we have compared our MF with other ones cited in literature; the agreement is more or less good, but the data are too much uncertain to achieve conclusive results. Finally, we have also tried some different values for µ l and f obtaining different estimates for α, but the only one compatible with all our tests is that with µ l = 10 −3 , f = 1, α = 1.11. Even if our model of a full MACHO spherical halo with a homogenous power -law MF with α = 1.11 seems to solve the problem of the discrepancy between observed and theoretical optical depth, the problem of the nature of the dark matter is still open. Actually, a simple calculation shows that MACHOs in the substellar range (10 −3 , 0.08) M ⊙ contribute for 33 % to the observable optical depth, but they represent only ≃ 10% to the local dark density ρ ⊙ . It is worthy to note that the actual mean mass is 0.11 M ⊙ , which is far less than the white dwarf typical mass, which is 0.5 M ⊙ . This is an advantage of our model since it allows to avoid the strong constraints imposed on white dwarfs dominant populations by chemical abundances analyses (Graff et al., 1998) , (Fields et al., 1999) . A mean mass of 0.11 M ⊙ is higher than the brown dwarfs limit and serious constraints on a dominant populations of stars of such a mass are imposed by ISO photometry on dark halos of external galaxies (Gilmore & Unavane, 1998) . However, this could be not so dramatic since our analysis is based on only six events towards LMC and is affected by errors which are not easy to estimate quantitatively. Beside, in some particular conditions, a brown dwarf may have a mass higher than 0.08 M ⊙ , till 0.1 M ⊙ . It is worthy to note that recently Hansen (1999) has proposed a scenario for the formation of baryonic dark matter which meets the requirements of both the microlensing surveys and those of limited chemical pollution of the interstellar medium and production of extragalactic light. The scenario predicts that baryonic dark matter lies predominantly in the mass range (∼ 0.1, ∼ 0.3)M ⊙ with probably some contributions from low mass stars. Our MF is in good agreement with this kind of scenario, but more studies are necessary.
The work presented in this paper can be seen as a first preliminary analysis since further applications are still possible. First of all, we could give off the hypothesis of homogeneity, assuming that the MF exponent changes with the position within the galactic halo. A similar work has been done by Kerins & Evans (1998) , who have considered a delta MF whose centre changes with the galactocentric radius. They have shown that this model can solve the problem of the nature of the dark matter pushing a dominant brown dwarf population in the external part of the halo where they are unable to contribute significantly to generate microlensing events. It could be interesting to repeat our analysis on the same kind of model they have assumed and then compare the results. Another possible application could be the analysis of different halo shapes and mass density, such as spheroidal and triaxial ones. A further possibility could be to consider a power/,-/,law MF with an exponent which is function of the mass, taking into account what we have discussed in Section 5.2. In any case, we stress the necessity of adopting models with a known disribution function since the conversion of ε(t e ) in ε 0 (µ) requires the knowledge of the transverse velocity distribution. Even if this latter can be assigned independently on the mass density and the distribution function, it is better to work with dynamical self -consistent model to avoid to introduce systematic errors in the calculation of ε 0 (µ) and, then, of τ oble .
Finally, the whole method will be further improved when we will have enough data from microlensing observations towards different lines of sight, such as spiral arms, SMC and M31, which are now being analysed.
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